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The  major  purpose  of  this  work,  is  to  study  mechanisms  responsible  for  the  toxic 
effects  of  the  organometal  ncurotoxin  trimethyltin  (TMT)  on  learning,  in  order  to  develop 
strategies  for  prevention  or  alleviation  of  toxicity.  Trialkyltins  are  used  as  stabilizers  for 
plastics,  or  as  biocides  for  control  of  fungus,  barnacles,  bacteria  and  insects.  Their  toxic 
effects  have  been  known  for  over  100  years  (Q.  However,  the  specific  neurotoxic 
effects  of  TMT  were  first  observed  after  acci^ntal  exposure  of  two  French  chemical 
workers  who  experieneqM  memory  loss  and  seizures  Since  then,  numerous 
investigations  in  rodents  have  confirmed  that  TMT,  administered  systemically,  produces 
a  relatively  specific  lesion  in  hippocampus  and  related  olfactory  cortical  structures^4^U- 
These  lesions  are  associated  with  impairments  in  learning  and  memory  as  measured  in  a 
wide  variety  of  tasks  t^  Thus,  as  well  as  being  an  environmental  anti-fouling  toxicant 
of  specific  interest  to  the  Navy,  the  compound  may  also  be  of  interest  as  a  model 
treatment  for  study  of  leaming/memory  dysfunction  resulting  from  exposure  to  other 
toxicants  (e.g.  other  heavy  metals,  organic  solvents),  or  arising  from  disease  states. 

We  study  learning  in  an  autoshaping  task,  in  which  rats  learn  to  touch  a  lever  to 
obtain  food  t5>,Puring  the  past  year  we  have  completed  an  initial  dose-response  study  of 
effects  of  TMT^autoshaping  and  a  paper  has  been  accepted  for  publication  (C.A. 
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Cohen,  R.B.  Messing  and  S.B.  Sparber,  Psvchopharmacologv.  in  press).  This  study 
separates  "non-specific"  behavior^  changes  which  may  affect  behavior  of  toxicant- 
exposed  rats  in  assays  of  learning  or  memory  from  sp^ific  cognitive  effects  of  the 
compound.  In  particular,  TMT  does  not  impair  performance  of  easy  versions  of  the 
autoshaping  task  with  identical  sensorimotor  and  motivational  requirements,  but  when  a 
delay  of  reinforcement  of  6  sec  is  imposed  rats  given  all  three  doses  (3, 6  or  7.S  mg/kg  of 
TMT)  show  impaired  performance.  However,  the  high  dose  rats  show  hyperreactivity 
and  perseverative  behavior  (similarly  to  rats  with  large  conventional  lesions  of  the 
hippocampus),  and  actually  manipulate  the  lever  more  than  rats  given  lower  doses. 

These  high  dose  rats  fail  to  learn  a  latent  inhibition  paradigm,  also  similarly  to  rats  with 
large  hippocampal  lesions.  The  results  thus  suggest  that  the  cognitive  impairment  may  be 
separable  from  hyperreactivity  and  perseveration,  siiKe  the  latter  effects  only  emerge  at 
the  high  dose.  Our  low  dose  rats  appear  to  be  similar  to  normally  aged  rats,  since  they 
learn  a  task  analagous  to  a  classical  conditioning  delay  paradigm,  but  cannot  learn  a  trace 
paradigm  (6).  We  have  previously  shown  that  rats  treated  with  TMT  have  increased 
concentrations  of  fore’orain  B-adrenergic  receptors,  and  have  hypothesized  that  these  rats 
may  have  a  deficiency  of  forebrain  norepinephrine  release  similar  to  that  seen  with  aged 
animals  (7). 

Also  within  the  past  year,  we  have  completed  studies  showing  that  rats  treated  with 
TMT  or  a  mixed  ganglioside  preparation  (which  was  administered  to  deteimihe  a 
possible  therapeutic  effect  in  TMT-trcaied  animals)  have  decreased  concentrations  of 
hippocampal  glucocorticoid  receptors,  which  may  be  related  to  cognitive  impairments. 
This  is  another  parallel  between  these  animals  and  aged  rats  which  have  deficiencies  in 
this  receptor  (8).  Complete  manuscripts  for  this  work  are  in  preparation,  but  some  of  the 
work  will  be  presented  at  the  Xth  International  Congress  of  Pharmacology  in  August . 
Interestingly,  TMT-trcatcd  rats  have  elevated  levels  of  glial  fibrillary  acidic  protein 
(GFAP),  an  indication  of  the  cytotoxicity  produced  by  this  compound.  Rats  treated  v^^ith 
gangliosides,  which  induce  a  cognitive  impairment  but  no  cell  death,  have  normal  levels 
of  GFAP,  but  still  exhibit  the  decrease  in  corticosteroid  binding.  Thus,  this  decrease  is 
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probably  independent  of  hippocampal  cell  death,  and  may  be  a  down  regulation.  In 
future  work  we  wish  to  examine  the  effects  of  manipulations  of  the  pituitary  adrenal  axis 
on  TMT  toxici^  as  measured  behaviorally,  biochemically  and  histologically. 

We  have  also  completed  a  study  of  the  effects  of  the  a2-noradrenergic  receptor 
antagonist  yohimbine  on  autoshaping  (M.S.  Huang,  R.B.  Messing  and  S.B.  Sparber, 
Life^iences  [1987]  41: 1083-1088).  This  prototypical  anxiogenic  ager.t,  which 
increases  forebrain  norepinepnrine  release,  enhances  autoshaping  in  low  doses,  as  does 
the  putative  leaming/memory  enhancing  peptide,  des-glycinamide  arginine-8-vasopressin 
(DGAVP),  as  demonstrated  in  previous  work  (9-11).  However,  unldce  DGAVP, 
yohimbine  also  induces  increas^  behavioral  arousal,  which  may  account  for  its  effects 
on  autoshaping.  In  view  of  the  altered  norepinephrine  receptor  binding  in  forebrain  of 
TMT-treat^  rats,  we  plan  to  test  yohimbine  and  related  compounds  in  rats  treated  with 
TMT.  Within  the  year,  we  have  completed  studies  showing  that  DGAVP  attenuates  the 
learning  impairment  in  TMT-treated  animals,  and  that  TMT  induces  a  specific  learning 
deficit  without  a  retrieval  deficit:  rats  which  have  already  learned  the  autoshaping  task  and 
given  TMT  continue  to  perform.  The  manuscript  describing  this  work  has  t^n 
submitted  for  publication,  and  an  abstract  will  be  presented  at  the  Neuroscience  meeting 
in  New  Orleans  (Society  for  Neuroscience  Abstracts,  in  press).  We  have  also  done  some 
work  with  the  opiate  antagonist  naloxone,  a  substance  which  has  memory-enhancing 
properties  in  many  assays,  but  have  found  that  this  substance  actually  impairs  acquisition 
of  autoshaped  behavior,  whether  given  before  or  after  training  sessions.  A  manuscript 
describing  this  work  is  in  preparatibn,  and  an  abstract  will  be  presented  at  the 
Neuroscience  meeting  in  New  Orleans  (Society  for  Neuroscience  Abstracts,  in, press). 

We  have  also  demonstrated,  within  the  last  year,  that  autoshaping  is  highly 
dependent  upon  the  deprivation  state  of  the  animal:  more  food  deprived  rats  learn  faster. 
This  is  not  simply  a  generalized  behavioral  activitation  produced  by  food  deprivation, 
since  more  food  deprived  rats  also  show  better  learning  of  latent  inihibiiton.  It  appears  that 
deprivation  state  also  influences  the  performance  of  rats  exposed  to  TMT,  similarly  to  its 
effect  in  normal  animals.  This  is  consistent  with  the  capacity  for  EGA  VP  to  attenuate  the 
learning  deficit  in  rats  treated  with  TMT,  and  indicates  that  the  learning  impairment  is  not 
absolute,  but  rather  may  be  amenable  to  various  palliative  treatments.  A  manuscript 
describing  this  work  is  also  in  preparation.  Our  present  research  plans  include  studies 
investigating  interactions  between  deprivation  levels  and  effects  of  drugs  and  toxicants. 

Finally,  work  in  progress  at  the  moment,  is  concerned  with  two  issues: 

1.  We  have  found  that  6.0  mg/kg  of  TMT  induces  a  decrease  in  hippocampal 
corticosterone  receptors  (see  above).  However,  a  higher  dose  (7.5  mgAg)  does  not 
induce  as  large  a  decrease  (in  parallel  with  behavioral  data  showing  that  these  animals 
make  more  lever  touches  in  our  autoshaping  task)  (see  above).  When  rats  given  6.0 
mg/kg  of  TMT  are  required  to  respond  in  a  n  operant  fixed  ratio  paradigm  in  which  the 
ratio  requirement  (number  of  responses  necessary  to  obtain  a  food  pellet)  is  doubled  each 
day  (progressive  fixed  ratio  task),  rats  given  6.0  mg/kg  make  fewer  responses  than 
controls  as  the  ratio  requirement  increases,  while  rats  given  7.5  mg/kg  of  TMT  make 
more  responses  than  controls.  Thus,  rats  given  6.0  mg/kg  of  TMT  appear  to  provide  a 
convenient  jjreparatior.  with  which  to  invesugate  the  functioning  of  hippocampal  steroid 
receptors. 

2.  We  have  also  been  investigating  the  seemingly  paradoxical  effect  of  the  high  dose 
of  TMT  in  our  behavioral  and  bioi:hemical  assays.  (These  animals  sustain  the  largest 
amount  of  tissue  loss,  as  measured  by  hippocampal  weights,  despite  their  apparently 
more  "normal"  biochemistries).  Current  behavioral  research  is  focusing  on  the  strength 
of  conditioning  which  occurs  in  these  animals.  It  appears  that  although  they  may  be 
hyperreactive  to  the  lever,  these  animals  do  not  behave  similarly  to  normal  animals  during 
intertrial  or  reinforcement  delay  intervals.  Normal  animals  spend  more  time  near  the  lever 


3 


Rita  B.  Messing 


during  intertrial  intervals,  and  more  time  near  the  trough  during  reinforcement  delays.  In 
future  work,  we  hope  to  find  a  biochemical  correlate  for  these  animals,  and  initial  studies 
will  be  on  glutamate  receptee. 
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Sut.mary 


Learning  of  a  food  motivated  delayed  reinforcement  autoshaping  task 
was  Investigated  In  ratstreated  with  water  vehicle  or  the  prototypical 
anxiogenic  agent  and  antagonist  yohimbine  (O.S  or  l.S 
mg/kg,  i.p.  30  min  before  behavioral  testing).  Unconditioned 
exploratory  rearing  activity  was  monitored  concomitantly  with 
acquisition  of  a  lever  touch  response.  The  low  dose  of  yohimbine 
enhanced  learning,  but  It  also  Increased  unconditioned  behavioral 
arousal.  The  high  dose  retarded  acquisition,  but  when  It  was  withdrawn 
the  animals  learned  but  exploratory  activity  Increased  beyond  control 
levels  prior  to  acquisition.'  Learning  thus  appeared  to  be  related  to 
the  behavioral  arousal  produced  by  yohimbine,  suggesting  that  learning 
enhancement  by  anxiogenic  substances  Is  not  due  to  a  direct  effect  on’ 
processes  Intrinsic  to  Information  storage  and  retrieval;  rather, 
anxiogenic  substances  may  be  Important  modulators  of  vigilance  and 
performance  variables. 

Clinical  and  experimental  findings  Indicate  that  anxiolytic  drugs  (e.g. 
benzodiazepines)  Impair  performance  In  learning  and  memory  tasks  (1-5). 
However,  the  preponderance  of  evidence  suggests  that  these  effects  are  most 
probably  the  result  of  sedative  and  related  properties  of  these  agents,  which 
affect  sensorimotor  and  motivational  variables  necessary  for  learning  and 
performance,  rather  than  of  direct  action  on  Information  storage  and 
retrieval.  Conversely,  a  recent  study  (6)  found  that  an  anxiogenic  Inverse 
agonist  at  benzodiazepine  receptors,  B-carbpl1ne-3-carboxylate,  enhances 
performance  In  learning  and  memory  tasks,  an  effect  the  authors  hypothesized 
might  be  due  to  an  Increase  In  behavioral  arousal.  We  now  show  that 
yohimbine,  a  prototypical  anxiogenic  agent  (7,8)  and  a2-adrenerg1c  antagonist 
at  low  (<1.0  mg/kg), doses  (9-11),  enhances  learning  of  a  delayed  reinforcement 
autoshaoing  task.  However,  exploratory  rearing  activity  Is  also  Increased  as 
the  rats  learn.  The  results  suggest  that  this  and  other  anxiogenic  substances 
that  enhance  learning  may  act  via  effects  on  arousal  processes,  rather  than 
on  learning  or  memory  storage  per  se. 


iThls  paper  was  presented  In  preliminary  form  at  thr  70th  Annual  FASEB 
Meeting  In  St.  Louis,  Missouri,  April,  1986, 

^Permanent  address:  Dept,  of  Psychiatry,  West  China  University  of  Medical 

Science,  Chengdu,  Sichuan,  People's  Republic  of  China 
^Correspondence  should  be  sent  to  R.  8.  Messing. 
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We  have  previously  shown  that  the  putative  learning /memory  enhancing 
peptide  des-glycinamide  arginine  vasopressin  enhances  acquisition  of  this  task 
without  Inducing  an  Increase  In  exploratory  activity  (12,13).  On  the  other 
hand,  the  organometal  neurotoxin  tnmethyltln,  which  has  relatively  selective 
toxic  effects  on  hippocampus  and  related  olfactory  cortical  structures  (14), 
retards  acquisiton  of  the  delayed  reinforcement  task.  Low  doses  of  this 
toxin,  that  Impair  acquisition  with  a  six  sec  reinforcement  delay,  have  no 
apparent  effect  on  unconditioned  activity,  measured  during  the  course  of 
acquisition.  Moreover,  animals  learn  easier  versions  of  the  task  with  shorter 
or  no  delays,  suggesting  a  specific  cognition-impairing  effect  (15).  Thus, 
the  paradigm  Is  sensitive  to  changes  In  acquisition  performance  Induced  by 
compounds  that  selectively  enhance  or  Impair  learning. 

Materials  and  Methods 


Male  Long  Evans  rats  (Blue  Spruce  Farms,  Altamont,  NY)  Initially  weighing 
410  to  510  g,  were  deprived,  to  85-90%  of  ad  lib  weights  before  testing  In 
modified  operant  chambers.  A  cue  light  above  a  retractable  lever  remained 
Illuminated  throughout  behavioral  test  sessions,  and  the  lever  was  extended 
into  the  chamber  according  to  a  random  time  45  sec  schedule  (range  of 
Intertrial  Intervals  •  22-68  sec).  The  lever  remained  extended  either  until  a 
touch  response  was  made,  or  for  a  maximum  of  15  sec.  Following  a 
reinforcement  delay  Interval  of  6  sec  after  lever  retraction,  a  45  mg  food 
pellet  (Bloserv,  Frenchtown,  NJ)  was  delivered.  Food  was  delivered 

regardless  of  whether  or  not  the  animal  made  an  extended  lever  touch  (correct 
response).  The  task  thus  Incorporates  features  of  both  classical  and  operant 
conditioning  paradigms.  Touches  of  the  retracted  lever  during  Intertrlal  and 
reinforcement  delay  Intervals,  which  may  reflect  strength  of  conditioning 
(16),  were  also  monitored.  Operant  chambers  contained  metal  strips  7.5  cm 
wide  mounted  IS  cm  above  the  floor  on  the  walls  opposite  the  lever  and  door. 
Unconditioned  exploratory  rearing  (strip  touching)  activity  was  measured 
concomitantly  with  lever  touching,  using  high  resistance  drlnkometer-type 
circuits  between  strips  or  levers  and  the  grid  floor  of  the  chamber  (16). 
Animals  (n  ■  7/grouo)  were  given  water  vehicle  (1  ml'/kg,  l.p.)  or  yohimbine 
HCl  (  0.5  or  1.5  mg/kg;  doses,  expressed  as  salt  weights)  30  min  before  the 
first  6  of  12  behavioral  sessions,  each  of  which  contained  12.  trials  (lever 
presentations). 

Data  were  analyzed  by  repeated  measures  ANOVAs  followed  by  2-ta11ed 
Dunnett's  t-tests  comparing  the  vehicle  and  yohimbine-treated  groups. 

Results 


The  low  (0.5  mg/kg)  dose  of  yohimbine  significantly  increased  the  rate  of 
acquisition  of  the  extended  lever  touch  response,  animals  given  the  low  dose 
making  more  correct  responses/12  trials  than  controls  In  Sessions  4-6  (Fig. 
1).  After  this,  performance  of  control  rats  began  to  Increase.  In  contrast, 
the  high  dose  of  yohimbine  (1.5  mg/kg)  retarded  acquisition  of  extended  lever 
touching,  animals  In  this  group  making  fewer  correct  responses  than  controls 
In  Sessions  8  and  9. 

Differences  were  also  seen  In  intertrlal  lever  touching  (Fig.  2).  Maximum 
levels  of  this  behavior  are  not  as  constrained  by  celling  effects,  compared 
with  extended  lever  touching,  and  the  development  of  Intertrlal  lever  touching 
gene'ally  follows  extended  lever  touching  (IS),  Thus,  It  was  possible  to 
observe  further  increases  In  responding  towards  the  lever  In  late,  as  well  as 
early  sessions.  Again,  the  group  given  0.5  mg/kg  of  yohimbine  responded 
significantly  more  than  controls  In  Sessions  5,  6,  9  and  11.  The  latter 
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FIG.  1 

Effect  of  yohimbine  on  extended  lever  touching  (correct  responses). 

Open  circles;  water;  dirk  squares:  0.5  mg/kg  yohimbine;  dark  triangles: 

1.5  mg/kg  yohimbine.  There  was  an  effect  of  Session  (F[ll,198]»13.5, 

p<.001)  and  a  Session  by  Treatment  Interaction  (F[22,198]»3.9,  pC.OOl). 

P<.n5,  **p<.01  different  from  water. 

two  sessions  occurred  after  drug  administration  was  terminated.  Indicating 
that  yohimbine  did  genuinely  affect  learning,  and  that  performance  was  not 
state-dependent:  I.e.  not  dependent  upon  the  presence  of  yohimbine.  No  effect 
of  yohimbine  was  observed  on  lever  touching  during  reinforcement  delays 
(adventitiously  reinforced  or  superstitious  behavior)  (not  shown). 

However,  yohimbine  also  had  effects  on  unconditioned  exploratory  behavior, 
that  appear  to  be  related  to  learhing  (Fig,  3).  In  early  sessions  levels  of 
this  behavior  were  high  in  rats  given  the  low  dose  of  yohimbine.  Habituation 
occurred,  and  strip  touching  activity  declined  to  approximately  control  values 
around  the  fourth  or  fifth  session.  It  Is  likely  that  high  levels  of 
exploratory  behavior  facilitate  acoulsltlon  of  lever  touching.  We  have 

previously  observed  that  females  with  higher  levels  of  activity  than  males 

also  acquire  leve'"  touch  behavior  more  rapidly  (17).  In  ton-  sst,  the  high 
dose  group  did  not  show  elevated  strip  touching  during  treatment.  After 
Session  6,  when  drug  administration  was  terminated,  activity  of  this  group 
Increased  above  control  levels  (In  Sessions  10  and  11).  This  could  have  been 

due  to  termination  of  a  suppressant  effect  of  the  high  dose,  and/or  to 

residual,  low  levels  of  the  drug  that  directly  'timulated  strip  touching.  In 
any  evert,  as  with  rats  given  0.5’  mg/kg,  an  increase  In  exploratory  behavior 
preceded  acquisition  of  the  extended  lever  touch  response  1n  the  high  dose 
group,  which  was  evident  In  Sessions  11  and  12.  Rats  In  the  high  dose  group 
also  increased  intertrial  lever  touching  In  later  sessions,  as  extended  lever 
touching  Increased.  This  measure  increased  with  session  1n  both  the  low  and 
high  dose  groups  (F'3ril,198]»4.76,  pC.OOl;  2.93,  pC.OOS,  respectively)  but 
not  In  the  control  group  during  the  course  of 'this  experiment. 
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FIG.  2 

Effect  of  yohimbine  on  conditioned  Intertrlal  lever  touches.  Open 
circles:  water;  dark  squares:  0.5  mg/kg  yohimbine;  dark  triangles: 
1.5  mg/kg  yoh<mblne.  There  was  an  effect  of  Session  (FC11,198]»5.6, 
pC.OOl)  and  a  Session  by  Treatment  Interaction  (FtZ2,l90]»1.8,  p<.02). 
*p<.05,  **p<.01  different  from  water. 


Discussion 

The  results  suggest  that  the  enhancement  of  learning  Induced  by  the  low 
dose  of  yohimbine  may  be  related  to  behavioral  arousal  Induced  by  the  drug. 
Similarly  to  In  erse  benzodiazepine  receptor  agonists  (18),  yohimbine  Induces 
a  constellation  of  peripheral  autonomic  signs  associates  with  stress  or 
arousal,  along  with  Increases  In  subjective  anxiety  In  humans,  which  can  be 
antagonized  by  diazepam.  Thus,  It  has  been  hypothesized  that  nonadrenerglc 
hyperactivity,  which  Is  caused  by  yohimbine,  may  be  involved  In  the  etiology 
of  anxiety  (7,8,10).  In  this  context.  It  Is  of  Interest  to  note  that  direct 
stimulation  of  the  locus  coeruleus  1n  animals  Is  associated  with  Increases  in 
behavior  which  have  been  likened  to  fear  (19).  Studies  with  animals  have 
found  both  locomotor  excitatory  and  depressant  effects  of  yohimbine  (10).  The 
present  results  suggest  that  arousing  effects  of  the  drug  are  probably 
apparent  only  at  low  doses,  that  are  relatively  specific  for  the  a2-adrenerg1c 
receptor  (9,111.  These  data  are  In  partial  agreement  with  those  of  Sara  (20) 
who  found  that  low  (0. 5-1.0  mg/kg)  doses  of  yohimbine  facilitate  learning 
and  retrieval  of  an  appetitively  motivated  task.,  Sara  found  no  locomotor 
activity  differences  in  yohimbine-treated  vs.  control  rats  In  the  maze,  but  In 
her  experiments  yohimbine  was  given  to  animals  that  were  alreaoy  habituated  to 
the  apparatus.  Our  results  suggest  that  yohimbine-induced  arousal  precedes 
effects  on  learning-related  performance,  and  this  action  may  not  he  apparent 
In  haoituated  animals.  It  Is  also  possible  that  the  procedure  used  by  Sara 
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FIG.  3 

Effect  of  yohimbine  on  unconditioned  rearing  (strip  touching)  activity. 
Open  circles:  water;  dark  squares:  0.5  mg/kg  yohimbine;  dark  triangles: 
l.S  mg/kg  yohimbine.  There  was  a  Session  by  Treatment  Interaction 
(FC22.198]*3.2,  p<.00l),  *p<.05,  ‘V-Ol  different  from  water. 


was  not  sensitive  to  small  Increases  in  locomotor  activity.  Sara  (20)  has 
also  found  that  amphetamine  enhances  performance  In  her  task  with  no  effects 
on  activity,  hut  we  have  found  that  a  similarly  small  dose  of  this  compound 
increases  exploratory  behavior  In  our  apparatus  (21).  , 

Although  the  data  support  the  notion  that  the  arousal-inducing  property  of 
yohimbine  precedes  and  Is  causally  related  to  its  learning-enhancing  effects, 
it  Is  possible  that  the  former  is  not  necessary.  The  fact  that  Intertrlal 
interval  lever  touches  were  significantly  elevated  In  the  high  dose  group, 
before  showing  an  elevation  In  the  control  group,  suggests  that  learning  was 
occurring  In  this  group.  In  spite  of  the  fact  that  performance  was  suppressed 
until  after  discontinuation  of  treatment.  Since  high  doses  of  yohimbine  also 
block  dopamine  receptors  In  the  CNS  (9,11)  motor  retardation  should  be 
expected,  and  indeed  It  was  observed  during  the  first  6  sessions. 

These  results  stand  in  apparent  contrast  to  recent  reports  that  the 
a2-adrenergic  agonist  clonidine  facilitates  learning  and  memory  related 
performance  in  humans  with  Korsakoff  psychosis  (22)  and  in  aged  monkeys  and 
monkeys  with  cortical  norepinephrine  depletion  induced  by  b'-hydroxydopam1ne 
(23).  However,  clonidine  had  no  effect  in  normalmonkeys,  and  has  been  found 
to  impair  learning  In  normal  humans  (24).  Yohimbine  was  found  to  have 
impairing  effects  at  low  doses  in  old  monkeys,  but  only  a  relatively  high  (1.5 
mg/kg)  dose  impaired  performance  In  young  monkeys  (23),  as  in  the  oresent 
experiment.  Thus,  clonidine  and  yohimbine  may  exert  paradoxical  effects  when 
functioning  of  central  noradrenergic  neurons  is  impaired:  Instead  of 
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agonist- Induced  decreased  norepinephrine  release  by  direct  action  on 
autoreceptors  or  locus  coeruleus,  agonists  may  have  their  primary  effects  at 
postsynaptic  aj-receptors  in  forebrain  or  other  CNS  sites  (23).  It  remains  to 
be  determined  whether  low  doses  Of  clonidine  also  Induce  behavioral  arousal 
and/or  anxiety  in  subjects  with  central  noradrenergic  dysfunction,  and  whether 
this  Is  related  to  Itr  cognition-enhancing  effects. 
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